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TRANSGENIC BIRD AND METHOD OF CONSTRUCTING THE SAME 

TECHNICAL FIELD 
The present invention relates to a method for 
constructing a transgenic bird which is applicable in the 
production of a physiologically active protein and to a 
transgenic bird obtained by that method. 

BACKGROUND ART 

As a result of the progresses in gene recombination 
technology, a large number of physiologically active proteins 
have been produced commercially for use as drugs and in other 
uses. However, such microorganisms as Escherichia coli that 
have been used most frequently in producing such recombinant 
proteins are incapable of adding a sugar chain thereto and, 
therefore, the proteins produced cannot undergo modification 
by sugar chain addition; hence, disadvantageously, they show 
decreases in activity as compared with their intrinsic activity 
and/or show deteriorations in stability. 

Furthermore, microorganisms cannot produce complicated 
proteins composed of a plurality of units, for example 
antibodies . It is a great drawback that they cannot be utilized 
for producing monoclonal antibodies to be used as drugs. 

Therefore, those physiologically active proteins such as 
erythropoietin and antibodies used as drugs, which are required 
to have a sugar chain, are currently produced by means of 
cultured cell reactors. However, such production processes 
using animal cells entail higher costs as compared with the use 
of microorganisms and, therefore, it is a problem that a high 
load is imposed on patients and on the administration. 

A novel method for producing proteins while overcoming 
these drawbacks that has attracted attention comprises 
utilizing transgenic animals. The proteins produced in milk, 



blood or eggs by transgenic animals can have a sugar chain or 
chains added and, in addition, the production cost is one tenth 
to one hundredth as compared with the case of using cultured 
animal cells (Nature Biotechnology 19, 184, 2001) . The 
5 transgenics using birds, for example, are expected to be put 
to practical use because of such advantageous features as the 
shortness in period until maturity and the smallness in breeding 
area . 

While the technology of protein production utilizing 

10 transgenic birds has such and other advantages, some 

difficulties are encountered in putting that technology to 
practical use. One of them is the difficulty in introducing 
a foreign gene into fertilized avian eggs (Harvey A. J. et al . 
Consistent production of transgenic chickens using 

15 replication-deficient retroviral vectors and high- throughput 
screening procedures. Poult. Sci . , Feb. 2002, Vol. 81, No. 2, 
pp. 202-212) . The present inventors previously succeeded in 
efficiently constructing transgenic chimeras (referred to as 
"GO") carrying a transgene partially in their bodies as a result 

20 of microinjection of the gene into avian early embryos using 
a highly safe, replication-deficient viral vector (Japanese 
Kokai Publication 2002-176880) . 

However, the gene introduced in this manner undergoes 
inactivation by the biophylactic mechanisms of the host 

25 (phenomenon called silencing) , failing to produce the desired 
protein or producing the protein, if it is expressed, only in 
trace amounts. Furthermore, for supplying the protein stably 
as a medicine, it is necessary to establish an avian line having 
a transgene in all somatic cells of the body as offspring of 

30 the GO transgenic chimera. These offspring of the GO transgenic 
are called Gl, G2, G3 and the like in order of generation. 



35 



SUMMARY OF THE INVENTION 
In view of the above-mentioned state of the art, it is 
an object of the present invention to establish an efficient 
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method for constructing transgenic birds having a transgene in 
all somatic cells and capable of expressing the protein encoded 
by the transgene at high levels for the purpose of applying the 
transgenic birds as a safe and efficient protein production 
5 system. 

DETAILED DESCRIPTION OF THE INVENTION 
The transgenic bird of the invention is obtained as a Gl 
transgenic bird by: incubating a fertilized avian egg, 
10 a) microinjecting, into the early embryo thereof at a stage 
except for and after the blastodermic stage just after egg 
laying, a replication-deficient retroviral vector coding for 
a desired protein, 

b) allowing the egg to hatch out to thereby obtain a GO 
15 transgenic chimeric bird, and 

c) mating the GO transgenic chimeric bird with another GO 
transgenic chimeric bird or an offspring thereof or with a 
wild-type bird. 

G2 transgenic birds and offspring thereof born from 
20 generation to generation as a result of mating of the above Gl 
transgenic bird with a GO transgenic chimera, another Gl 
transgenic bird or a wild-type bird are disclosed. 
Thus, the present invention also relates to 
a transgenic bird 
25 which is a G2 transgenic bird or an offspring thereof 

obtained by mating the Gl transgenic bird with a GO transgenic 
bird, another Gl transgenic bird or an offspring thereof, or 
with a wild-type bird. 

When injected with the vector into the early heart formed 
30 in the embryo after the lapse of a certain period of time 
specifiable depending on the avian species, the injection 
target early embryo can give a transgenic bird capable of 
effectively expressing the gene in question. 

As the desirable protein gene to be introduced into a bird 
35 to give a transgenic bird, there may be mentioned those coding 




for proteins requiring a sugar chain (s) for their activity 

manifestation, for example the constitutive gene for 

erythropoietin, and antibody genes. 

When a chicken or quail is used as the bird into which 
5 the gene is to be introduced, the desired protein can be obtained 

in the eggs in a productive and stable manner. 

The present invention further relates to 
a method for constructing a Gl transgenic bird 
which comprises incubating a fertilized avian egg, 
10 a) microinj ecting, into the early embryo thereof at a stage 

except for and after the blastodermic stage just after egg 

laying, a replication-deficient retroviral vector coding for 

a desired protein, 

b) allowing the egg to hatch out to thereby obtain a GO 
15 transgenic chimeric bird, and 

c) mating the GO transgenic chimeric bird with another GO 
transgenic chimeric bird or an offspring thereof or with a 
wild-type bird. 

The invention further relates to 
20 a method for constructing a transgenic bird 

which comprises mating the above-mentioned Gl transgenic 
bird with a GO transgenic bird, another Gl transgenic bird or 
an offspring thereof or with a wild-type bird to construct a 
G2 transgenic bird or an offspring thereof. 
25 The invention still further relates to 

a method for producing a protein 

which comprises extracting a desired protein from somatic 
cells, blood or eggs from a transgenic bird constructed by the 
method mentioned above. 
30 The invention is further related to 

the transgenic bird 

which is constructed by the method mentioned above. 
Although the locus, on chromosome, of the gene introduced 
by microinjection cannot be specified, it is possible to 
35 identify GO parents capable of efficiently producing Gl birds 



by sorting out reproductive lineage chimeras that have the gene 
inserted in the reproductive system from among the GO transgenic 
chimeras constructed. Effective in such sorting out is a method 
comprising collecting sperms from GO males by abdominal 
massaging and testing the sperms for the occurrence of the 
transgene therein. This sorting method also constitutes an 
aspect of the present invention. 

The present invention further relates to 
a method for sorting out a GO transgenic chimeric bird 
which comprises incubating a fertilized avian egg, 
microinj ecting, into the early embryo thereof at a stage except 
for and after the blastodermic stage just after egg laying, a 
replication-deficient retroviral vector coding for a desired 
protein and confirming the expression of the desired protein 
in the blood of the GO transgenic bird obtained by hatching. 

The invention thus discloses a method for constructing 
transgenic birds of advantage in protein production. It 
further discloses the transgenic bird constructed by such 
construction method. 

The transgenic bird constructed by that method can be 
utilized in producing a protein that can be utilized as a drug, 
and the like. 

In the following, the invention is described in detail. 

The Gl transgenic bird of the present invention and/or 
an offspring thereof is a bird with a foreign gene introduced 
therein by means of a replication-deficient retroviral vector 
and is characterized in that it contains the foreign gene evenly 
in somatic cells thereof and expresses the desired protein 
originating in the transgene stably in the blood thereof or in 
the egg white or yolk. 

The bird to be used in the practice of the invention is 
not particularly restricted but there may be mentioned, for 
example, chickens, turkeys, ducks, ostriches, quails and other 
domestic birds and pet birds domesticated for the purpose of 
eating meat and/or ovum collection. Among them, chickens and 
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quails are readily available and fecund as egg laying species, 
hence are preferred. 

As the retroviral vector to be used in the practice of 
the invention, there may be mentioned vectors derived from 
5 Moloney murine leukemia virus (MoMLV) , avian leukosis virus 
(ALV) and the like, and lentivirus vectors, and the like. Among 
them, MoMLV-derived ones are preferred, although the retroviral 
vector to be used is not limited thereto. 

From the safety viewpoint, a vector deficient in ability 
10 for autoreplication as a result of the deficiency of any or 
all of the three genes gag, pol and env, which are necessary 
for the replication of viral particles, is generally used as 
the vector for gene transfer. Preferred for efficiently 
infecting bird cells with this viral vector is a viral vector 
15 with the coat protein thereof artificially VSV-G (vesicular 
stomatitis virus-derived) pseudotyped. The viral vector to 
be used in the practice of the invention is not limited to this 
viral type, however. 

The pseudotype viral vector prepared by utilizing 
20 packaging cells, a helper virus or the like is introduced into 
the early embryo, blood vessel and heart by the general 
microinjection technique (Bosselman, R. A. et al. (1989), 
Science, 243, 533). Conceivable as other gene transfer 
techniques are the lipofection and electroporation techniques, 
25 and the like. 

The gene to be introduced into birds in the practice of 
the invention is not particularly restricted but is 
constituted of a marker gene, the structural gene for the 
expression of a desired protein, a promoter gene for 
30 controlling the expression of such genes, a secretion signal 
gene and the like. 

The marker gene is, for example, the neomycin resistance 
gene, the (3-galactosidase gene, or the gene coding for a 
fluorescent protein such as GFP (green fluorescent protein) . 
35 The structural gene for the expression of a desired 
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protein is not particularly restricted but includes genes 
coding for antibodies and enzymes useful in the genetic industry, 
for example human monoclonal antibodies, and the like. Genes 
for other useful physiologically active substances can also be 
5 used. In particular, structural genes for extrinsic 

antibodies, for example genes for antibodies having the human 
IgG class constant region or genes for antibodies having the 
human IgGl, quail IgG2, chicken IgG2 or mouse IgG2 subclass 
constant region are preferred in view of good accumulability 

10 of such antibodies in eggs. 

As the above-mentioned structural genes that are 
preferred, there maybe mentioned structural genes for chimeric 
antibodies . The term "chimeric antibody" refers to an antibody 
having two or more different inherited characters. The 

15 antibodies for medical use as produced by murine hybridomas have 
a problem in that when administered into the human body, they 
cause the rejection reaction by the immune system since they 
are of the murine origin. For overcoming this disadvantage, 
the Fc portion etc. of a murine antibody is humanized, for 

20 example, by the recombination technique, whereby the risk of 
rejection can be markedly reduced. 

As the chimeric antibodies mentioned above, there may be 
mentioned, for example, anti-human CD2 antibodies, anti-CD 20 
receptor antibodies, and anti-TNF antibodies. Some of them 

25 have already been marketed as medicines. 

A more preferred example of the above-mentioned 
structural gene is the structural gene for scFv-Fc antibody. 
As recombinant antibodies for medical use, there are also a 
group of the so-called low-molecular antibodies. 

30 Immunoglobulin IgG comprises a domain consisting of a VH-VL 
hetero dimer as called variable region (Fv: fragment of variable 
region) directly binding to an antigen, and this Fv domain has 
by itself a sufficient level of antigen-binding ability in spite 
of its being about one fifth in molecular weight as compared 

35 with IgG. The product of artificial binding together of the 




VH and VL domains by means of a peptide linker is a low-molecular 
antibody called single-chain antibody (scFv: single chain Fv) , 
which has been known to be improved in stability as compared 
with the VH or VL alone. 
5 Powers et al. (Powers, D. B. et al. (2000), J. Immunol. 

Methods, 251, 123) found that when this scFv is fused to the 
human IgGl-derived Fc portion, the stability in blood is 
enhanced. This scFv-Fc antibody is thought to be useful for 
medical purposes but cannot be produced in Escherichia coli, 

10 which is an inexpensive mass production system. 

When such human monoclonal antibody gene, chimeric 
antibody gene or scFv-Fc antibody gene, for example, is used 
as the gene to be introduced into birds according to the 
invention, those antibody drugs which have been difficult to 

15 produce can be produced in large quantities in the GO transgenic 
chimeric birds of the invention. 

In the case of GO transgenic chimeric birds obtained by 
introduction of a chimeric antibody gene, for example, the 
antibody content in blood is preferably not lower than 0 . 5 pg/ml, 

20 more preferably not lower than 5 yig/ml . The antibody content 
in egg white is preferably not lower than 0.1 pg/ml, more 
preferably not lower than 1 pg/ml, and the antibody content in 
egg yolk is preferably not lower than 0 . 1 yg/ml, more preferably 
not lower than 1 pg/ml . 

25 In the case of GO transgenic chimeric birds resulting from 

introduction of an scFv-Fc gene, the antibody content in blood 
is preferably not lower than 20 yig/ml, more preferably not lower 
than 2000 pg/ml . The antibody content in egg white is 
preferably not lower than 5 )iq/ml, more preferably not lower 

30 than 500 pg/ml . The antibody content in egg yolk is preferably 
not lower than 1 jag/ml, more preferably not lower than 100 yg/ml . 
While the antibody accumulated in the yolk is decomposed 
enzymatically, for example, the above-mentioned content is the 
value given under assumption that the antibody does not undergo 

35 such decomposition. The antibody decomposition in egg yolk can 




be prevented, for example, by adding an enzyme inhibitor at an 
early stage or by modifying the structure susceptible to 
decomposition . 

As the above-mentioned promoter gene, there may be 
5 mentioned constitutive promoters. In cases where the antibody 
gene is controlled under a constitutive promoter, the antibody 
gene expression is favorably stable. As a more preferred 
constitutive promoter, there may be mentioned the chicken 
(3-actin promoter. When the expression is controlled under the 

10 (5-actin promoter, the desired protein is characteristically 
expressed in the blood. 

When, in the protein production in transgenic animals, 
the desired protein is produced in milk or in eggs, the protein 
production level cannot be estimated until the start of 

15 lactation or egg laying as a result of sexual maturation; this 
is a disadvantage. Several years is required for sexual 
maturation in some cases depending on the animal species and 
this is an unstable factor in planned commercial production of 
a desired protein. In this respect, the use of transgenic birds 

20 in which the expression of the protein is controlled under the 
|3-actin promoter makes it possible to predictably know the level 
of protein expression in eggs after sexual maturation by 
examining the level of protein expression in blood in the stage 
of juvenile birds. To sort out birds based on the results 

25 obtained will serve as a positive factor in planned protein 
production. 

The protein production method of the invention is 
characterized in that a desired protein is recovered from the 
above-mentioned transgenic bird. More particularly, it is a 

30 method of protein production which comprises recovering and 
purifying the desired protein from somatic cells, blood and/or 
eggs of the transgenic bird constructed. Further, the eggs laid 
by the transgenic bird of the invention also constitute an 
aspect of the present invention. The content of the desired 

35 protein in the above-mentioned eggs is preferably not lower than 
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1 mg/100 g, more preferably not lower than 20 mg/100 g, 
particularly preferably not lower than 100 mg/100 g. 

Now, methods for constructing GO transgenic chimeric 
birds which are parents to the Gl transgenic birds and offspring 
5 of the present invention are described. 

As one of the construction methods, there may be mentioned 
the construction method comprising incubating fertilized avian 
eggs, infecting the early embryo of each egg with the 
replication-deficient retroviral vector at a stage except for 

10 and after the blastodermic stage just after egg laying, and 
allowing the embryo to hatch. As another construction method 
of the invention, there may be mentioned the construction method 
comprising incubating fertilized avian eggs, infecting the 
early embryo of each egg with the replication-deficient 

15 retroviral vector preferably at least 24 hours, more preferably 
at least 48 hours, after the start of incubation, and allowing 
the embryo to hatch. 

More preferably, the method comprises microinj ecting the 
replication-deficient retroviral vector into the heart formed 

20 in the early embryo mentioned above. 

Thus, the method for constructing GO transgenic chimeric 
birds according to the invention comprises microinj ecting the 
replication-deficient retroviral vector into fertilized eggs 
after the lapse of a specified period of time following egg 

25 laying. As regards the early development of fertilized eggs 
after egg laying in chickens, for example, the egg first 
fertilized in the oviduct begins to cleave in about 1.5 hours 
after fertilization. After the start of discoidal cleavage 
while maintaining cytoplasm connection, cleavage continues 

30 over a day until the release of the egg from the body and the 
egg thus forms an embryo called blastoderm consisting of about 
60 thousand cells (blastodermic stage) . This blastoderm is 
observed as a white ring with a diameter of 3 to 4 mm in the 
middle of the yolk. This embryo divides into the upper and lower 

35 layers to form a segmentation cavity. Egg laying occurs nearly 
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at the time of hypoblast formation, a primitive streak is formed, 
the blastoderm takes a three (upper, median and lower) layer 
structure, and three germ layers are thus formed. Thereafter, 
embryo formation and growth continues, and the egg hatches out 
5 on the 22nd day after oviposition. The blastodermic stage is 
also called stage X and reproductive cells are formed from part 
of cells at this stage and, therefore, the fertilized egg in 
this stage is used in the prior art as the target of gene 
transfer . 

10 The present inventors placed fertilized eggs in the 

blastodermic stage just after egg laying under incubation 
conditions, for example under environmental conditions suited 
for incubation in the case of chickens, for example, namely at 
a temperature of 37.7 to 37.8°C and a humidity of about 50 to 

15 70%, and made microinjection at timed intervals, with the time 
of placing under such incubation conditions being taken as hour 
0. After 36 hours after the start of incubation in the case 
of quails or after about 50 hours after the start of incubation 
in the case of chickens, the formation of a blood circulatory 

20 system was observed on the yolk and the pulsation of the organ 
to differentiate into the heart could be observed. 

Applicable to the incubation of the above-mentioned 
fertilized egg after gene introduction is, for example, the 
method using an artificial eggshell as developed by the present 

25 inventors (Kamihara, M. et al . (1998), Develop. Growth Differ . , 
40, 449) . 

As the replication-deficient retroviral vector, the gene 
to be introduced and the bird to be rendered transgenic, which 
are to be used in the construction method of the invention, there 
30 may be mentioned the same ones as mentioned above referring to 
the GO transgenic chimeric bird. 

In the construction method of the invention, the 
replication-deficient retroviral vector preferably contains a 
non-retrovirus-derived gene. 
35 In the construction method of the invention, the 
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M non-retrovirus-derived gene" includes the above-mentioned 
structural genes, promoter genes and secretory signal genes, 
and the like. 

The non-retrovirus-derived gene is preferably one under 
5 the control of the chicken p-actin promoter. Further, the 
non-retrovirus-derived gene is preferably a gene coding for an 
antibody. 

In the construction method of the invention, it is 
preferable to microinject a replication-deficient retroviral 

10 vector preferably having a titer of not lower than 1 x 10 7 cfu/ml, 
more preferably not lower than 1 x 10 8 cfu/ml, still more 
preferably not lower than 1 x 10 9 cfu/ml, because the gene can 
then be introduced efficiently. 

In the construction method of the invention, the bird 

15 resulting from a fertilized egg with a gene introduced therein 
grows as a transgenic bird carrying the transgene mosaically 
in somatic cells thereof. This first generation transgenic 
bird is called GO transgenic chimeric bird. 

The second generation or third generation born upon 

20 mating of such a GO transgenic chimeric bird with a 

non-transgenic bird or mating GO transgenic chimeric birds with 
each other, when developed from a reproductive cell having the 
transgene on a chromosome thereof, grows as an individual whose 
somatic cells in the whole body contain the transgene. The 

25 offspring inheriting the transgene from this reproductive 

lineage chimeric individual (s) are referred to, from generation 
to generation, as Gl, G2, G3 transgenic birds and the like. 

By mating the GO transgenic chimeric bird constructed in 
accordance with the invention with a non-transgenic bird of the 

30 same species or a mating type GO transgenic chimeric bird, it 
is possible to propagate the transgene to offspring thereof and, 
at the same time, construct perfect transgenic birds carrying 
the transgene in somatic cells in the whole body. By 
establishing a transgenic bird line capable of stably 

35 propagating the transgene in that way, it becomes possible to 
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stabilize the quality thereof as a protein production system. 
Furthermore, a perfect transgenic bird, which has a high 
proportion of transgene-carrying somatic cells, can be expected 
to give an increased production of the transgene-due 
5 recombinant protein in some cases as compared with the GO 
transgenic chimeric bird. 

The method for constructing Gl transgenic birds according 
to the invention comprises constructing the GO transgenic 
chimeric bird mentioned above and mating the same with an 

10 appropriate mate. Conceivable mating types include 

combinations of a GO transgenic male and a wild type female, 
a GO transgenic female and a wild type male, a GO transgenic 
male and a transgenic female, and the like. Further, backcross 
breeding using offspring and parents thereof is also possible. 

15 Among them, the GO male/wild type female mating type is 

preferred from the efficiency viewpoint since one GO male can 
be mated with 3 to 10 wild type females. 

By collecting sperm from the GO male and checking the same 
as to the occurrence or non-occurrence of the transgene therein, 

20 it is possible to sort out reproductive lineage chimeras. 

Conceivable methods of testing for the transgene include, but 
are not limited to, the PCR technique and Western blot technique, 
and the like. 

A method for sorting out reproductive lineage chimeras 
25 which comprises collecting sperm samples from male Gl 

transgenic birds, male G2 transgenic birds or male offspring 
thereof and testing them for the gene in the sperm in the same 
manner also constitutes an aspect of the present invention. 
When the reproductive lineage chimera is a male, the 
30 chimera occurs as an individual having both spermatozoa 
carrying the transgene and spermatozoa not carrying the 
transgene. A young bird that has matured from an embryo 
fertilized with a spermatozoon carrying the transgene becomes 
a Gl transgenic carrying the transgene in all somatic cells 
35 thereof. By sorting out reproductive lineage chimeric GO birds, 
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it becomes possible to construct Gl transgenic chimeric birds 
more efficiently as compared with random mating. 
(EFFECTS OF THE INVENTION) 

The Gl transgenic bird of the invention and offspring 
5 thereof can efficiently express a foreign gene introduced by 
means of a highly safe, replication-deficient retroviral vector, 
without inactivation of the expression product. 

Further, the Gl transgenic birds of the invention carry 
the transgene as existing in all somatic cells and allow stable 
10 expression of the corresponding protein on the individual level 
and, further, such birds, as an established lineage, can serve 
as a stable supplying system. 

Furthermore, the method for constructing transgenic 
birds according to the invention makes it possible to safely 
15 and efficiently construct Gl transgenic birds and, further, as 
offspring thereof, G2 and G3 transgenic birds. 

The Gl, G2, G3 and subsequent generation transgenic birds 
of the invention express the foreign gene-due protein in somatic 
cells thereof and, when the protein is recovered and purified 
20 from the serum, egg white and/or egg yolk, those birds can supply 
an inexpensive production system for sugar chain-added proteins 
or antibodies that have so far been difficult to produce. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 [Fig. 1] This figure shows the structure of the scFv-Fc 
antibody expression vector construct pMSCV/GAAscFv-Fc . Amp r 
indicates the ampicillin resistance gene. PAact indicates the 
(3-actin promoter gene. indicates a packaging signal 

sequence. GFP indicates the green fluorescent protein gene. 
30 scFv-Fc indicates the scFv-Fc antibody gene. 5' LTR and 3'LTR 
respectively indicate the long terminal repeat sequences of 
MoMLV. 

[Fig. 2] This figure shows the results of analysis, by PCR, 
of the transgene in genome extracts from various organs of a 
35 Gl transgenic chicken. M indicates a marker, CI a positive 
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control, and C2 a negative control. L, K, H, MU and I indicate 
liver, kidney, heart, muscle and intestine, respectively. GFP 
indicates the green fluorescent protein gene, and OVA indicates 
the ovalbumin gene. 
5 [Fig. 3] This figure shows the results of FISH analysis of 
the Gl transgenic chickens #77 and #103. Each arrow indicates 
the transgene (pMSCV/scFv-FcABamHI ) . 

BEST MODES FOR CARRYING OUT THE INVENTION 
10 The following examples illustrate the present invention 

in detail . These examples are, however, by no means of the scope 
of the present invention. 

(Example 1) Formation of a scFv-Fc antibody expression vector 
construct 

15 A scFv-Fc antibody expression vector construct was 

prepared in the following manner. 

1. A fragment containing a series of the murine 
phosphoglycerate kinase (PGK) promoter and the Neo r gene was 
eliminated from pMSCVneo (product of Clontech Laboratories, 

20 Inc.) using the restriction enzymes Bglll and BamHI, and the 
remaining vector fragment was allowed to self-ligate to 
construct the plasmid pMSCV. 

2. A GFP gene fragment was excised from pGREEN LANTERN- 1 
(product of Gibco BRL) with the restriction enzyme NotI and 

25 inserted into pZeoSV2(+) (product of Invitrogen Corporation) 
at the NotI site. A plasmid having a structure resulting from 
insertion of the GFP gene in the same direction as the T7 promoter 
was named pZeo/GFP. 

3. A GFP gene fragment was excised from pZeo/GFP with the 
30 restriction enzymes EcoRI and Xhol and joined to a vector 

fragment of pMSCV treated with the restriction enzymes EcoRI 
and Xhol to construct a plasmid, pMSCV/G. 

4. A AAct promoter fragment was amplified from pMiwZ 
(Suemori et al . , 1990, Cell Diff. Dev. 29:181-185) by PCR 

35 (94°C/15 seconds - 50°C/30 seconds - 68°C/1 minute: 10 cycles; 
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94°C/15 seconds - 62°C/30 seconds - 68°C/1 minute: 30 cycles; 
KOD-Plus-DNA polymerase (product of Toyobo Co., Ltd,)) using, 
as primers, two chemically synthesized oligonucleotides, 
5' -acgc gtcgac gtgcatgcacqctcattq-3' (SEQ ID NO:l, the 
5 underlined portion being the Sail restriction enzyme site) and 
5' -acgc gtcgac aacgcagcqactcccq-3' (SEQ ID NO: 2, the underline 
portion being the Sail restriction enzyme site) . The AAct 
promoter fragment was then excised using the restriction enzyme 
Sail and inserted into pETBlue-2 (product of Novagen) at the 
10 Sail site thereof, whereby a plasmid, pETBlue/ AAct, was 
constructed. 

5. The AAct promoter fragment was excised from pETBlue/ AAct 
with the restriction enzyme Sail and inserted into pMSCV/G at 
the Xhol site thereof. A plasmid having a structure resulting 

15 from insertion of the AAct promoter in the same direction as 
the GFP gene was named pMSCV/GAA. 

6. A lysozyme secretion signal gene fragment was prepared 
by annealing together two 5' -terminally phosphorylated 
chemically synthesized oligonucleotides, 

2 0 5' -ctaaaccatgaggtctttgctaatcttggtgctttgcttcctgcccctggctgctc 
tgggg-3' (SEQ ID N0:3, the underlined portion being the Xbal 
terminal and the underlined portion being the Haelll terminus) 
and 

5' -ccccagagcagccaggggcaggaagcaaagcaccaagattagcaaagacctcatgg 
25 t-3' (SEQ ID NO: 4, the underlined portion being the Xbal 

terminal and the underlined portion being the Haelll terminal) . 
A scFv gene fragment was amplified from the plasmid pPDS/scFv 
(Nakamura et al . , 2000, Cytotechnology 32:191-198) containing 
a single chain antibody (scFv) gene prepared from the chicken 
30 antibody variable region gene of HUC213 cells by PCR (94°C/15 
seconds -* 58°C/30 seconds - 68°C/1 minute: 30 cycles) using, 
as primers, two chemically synthesized oligonucleotides, 
5' -gcg tttaaa gtgacqttqqacqtccq-3' (SEQ ID NO: 5, the underlined 
portion being the Dral restriction enzyme site) and 
35 5' -atta ggatcc gcgcttaaqqacqqtcaqq-3' (SEQ ID NO: 6, the 
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underlined portion being the BamHI restriction enzyme site) , 
and the gene fragment was then excised using the restriction 
enzymes Dral and BamHI . The two fragments prepared in the above 
manner were inserted into pBluescriptllSK (+) (product of 
5 Stratagene) into the Xbal-BamHI site thereof to construct a 
plasmid, pBlue/scFv. 

7 . A scFv gene fragment was excised from pBlue/scFv with the 
restriction enzymes NotI and BamHI and inserted into pCEP4 
(product of Invitrogen Corporation) at the Notl-BamHI site 
10 thereof to construct a plasmid, pCEP4/scFv. 

8. mRNA was collected from the human IgGl-producing myeloma 
cells IM-9 (Japanese Collection of Research Bioresources 0024) 
using a mRNA isolation kit (product of Roche) , and a cDNA library 
was constructed from the mRNA obtained using ReverTra Ace 

15 (product of Toyobo Co., Ltd.). A hCyl gene fragment was 

amplified from the above cDNA library by PCR (95°C/2 minutes 
- 52°C/30 seconds - 74°C/3 minutes: 30 cycles; Pfu DNA 
polymerase (product of Promega) ) using, as primers, two 
chemically synthesized oligonucleotides, 

20 5' -caagcttcaagggcccat-3' (SEQ ID NO: 7) and 

5' -atttacccggagacaggga-3' (SEQ ID NO:8). Further, a human 
antibody H chain yl Fc region (Fc) gene fragment was amplified 
from the above PCR product by PCR (94°C/15 seconds - 58°C/30 
seconds — 68°C/1 minute: 30 cycles; KOD-plus-DNA polymerase) 

25 using, as primers, two chemically synthesized oligonucleotides, 
5' -atta ggatcc gagcccaaatcttqtqacaaaactc-3' (SEQ ID NO: 9, the 
underlined portion being the BamHI restriction enzyme site) and 
5' -agc aagctt tcatttacccqgaqacaqqqa-3' (SEQ ID NO: 10, the 
underlined portion being the Hindlll restriction enzyme site) , 

30 followed by excision with the restriction enzymes BamHI and 
Hindlll. The excised fragment was inserted into 
pBluescriptllSK (+) at the BamHI-Hindlll site to construct a 
plasmid, pBlue/Fc . 

9. A scFv gene fragment was excised from pCEP4/scFv with the 
35 restriction enzymes Hindlll and BamHI. A Fc gene fragment was 




excised from pBlue/Fc with the restriction enzymes BamHI and 
Hindlll. The two fragments thus excised were inserted into 
pBluescriptllSK (+ ) at the Hindlll site to construct a plasmid, 
pBlue/scFv-Fc . 

5 10. A gene fragment having a structure resulting from 

connection of the human antibody H chain yl • Fc to the chicken 
single chain antibody variable region was excised from 
pBlue/scFv-Fc with the restriction enzyme Hindlll and ligated 
to a vector fragment prepared by treatment of pMSCV/GAA with 

10 the restriction enzyme Hindlll. A plasmid having a structure 
resulting from joining of the scFv-Fc gene in the same direction 
as the A Act promoter was named pMSCV/GAAscFv-Fc . 

The structure of the thus-constructed 
replication-deficient retroviral vector-derived vector 

15 construct pMSCV/GAAscFv-Fc is shown in Fig. 1. 

(Example 2) Preparation of a scFv-Fc antibody expression 
retroviral vector 

For preparing a retroviral vector from the vector 
construct pMSCV/GAAscFv-Fc constructed in Example 1, 5 x 10 6 

20 packaging cells GP293 (product of Clontech Laboratories, Inc.) 
were sown and cultured in a culture dish having a diameter of 
100 mm. The medium was replaced with fresh DMEM (Dulbecco's 
modified Eagle medium) , and 8 pg of the pVSV-G vector (product 
of Clontech Laboratories, Inc.) and 8 \ig of pMSCV/GAAscFv-Fc 

25 were introduced into the above GP293 cells by the lipofection 
technique. After 48 hours, the culture supernatant containing 
viral particles was recovered and deprived of contaminants by 
passing through a 0.45-vim cellulose acetate filter (product of 
Advantech Co., Ltd.) . Polybrene (product of Sigma) was added 

30 to the solution obtained to a concentration of 10 yg/ml and the 
resulting mixture was used as a virus solution. 

The virus solution prepared was added to separately 
cultured GP293 cells and, after 48 hours of cultivation, the 
cells were cloned by the limiting dilution method. A stable 

35 trans formant GP293 strain capable of strongly expressing GFR 




was thus obtained. 

The stable transformant strain obtained was cultured in 
a dish with a diameter of 100 mm until an 80% confluent state, 
and 16 ]iq of pVSV-G was introduced thereinto by the lipofection 
5 technique. After 48 hours, 12 ml of a culture supernatant 
containing viral particles was recovered. 

This culture supernatant was centrifuged at 50,000 x g 
and at 4°C for 1.5 hours to settle the viral particles. The 
supernatant was removed, 50 \xl of a solution containing 50 mM 

10 Tris-HCl (pH 7.8) 130 mM NaCl and 1 mM EDTA was added to the 
viral particle-containing precipitate and, after overnight 
standing at 4°C and after thorough suspending, a virus solution 
was recovered. The thus-obtained high-titer viral vector 
showed a titer of 10 8 to 10 9 cfu/ml. 

15 The viral titer was measured in the following manner. On 

the day before measurement, 7 x 10 4 NIH3T3 cells (obtained from 
the American Type Culture Collection) were sown and cultured 
in each dish with a diameter of 35 mm. A 10 2 - to 10 6 -fold diluted 
virus solution (1 ml) was added to each dish and, after 48 hours, 

20 the proportion (100% being taken as 1) of cells expressing GFP 
was determined using a fluorescent microscope. The titer was 
determined according to the following calculation formula: 
Viral titer = number of cells x dilution factor x proportion 
of expression (cfu/ml) 

25 (Example 3) Injection of the retroviral vector into chicken 
embryos 

Fertilized chicken eggs (Nippon Institute for Biological 
Science) were used. These fertilized eggs were placed in a 
37.9°C and 65% humidity environment in an incubator (Showa 
30 Furanki model P-008) with a built-in automatic egg- turning 
device. The time of such placement was taken as the incubation 
start time (zero hour) and, thereafter, incubation was 
performed while rotating the eggs 90 degrees at 15-minute 
intervals . 

35 For gene injection, the eggshell of each fertilized egg 



was disinfected with 70% ethanol and a circle portion with a 
diameter of 3.5 cm was cut off from the sharp end portion thereof 
with a diamond cutter (Minomo 7C710, product of MINITOR CO., 
LTD) to expose the embryo. At about the 50th hour after the 
5 start of incubation, blood vessel development was observed on 
the egg yolk surface and it could be observed under a 
stereoscopic microscope that a part thereof pulsated, thus 
becoming a primordium of the heart. While observing such 
initial stage heart under a stereoscopic microscope, a needle 

10 manufactured by processing a glass tube (CD-I, product of 
OLYMPUS CORPORATION) using a micropipette manufacturing 
apparatus (PC-10, product of OLYMPUS CORPORATION) and breaking 
the tip so that the outside diameter might become about 20 ]am 
was stuck into the middle of the cavity beneath the germinal 

15 disk and about 2 \il of the virus solution prepared in Example 
2 was microinj ected into that cavity using a microinj ector 
(Transjector 5246, product of Eppendorf Co., Ltd.). The 
eggshell was filled with egg white to the opening made by cutting, 
and the opening was covered with a Teflon membrane (MilliWrap, 

20 product of Millipore Corporation) and a polyvinylidene chloride 
wrap (Saran Wrap, product of Asahi Kasei Corporation) using egg 
white as a paste. Incubation was then performed while rotating 
the egg 90 degrees at 30-minute intervals. 

On the 18th day after the start of incubation, the egg 

25 turning was stopped and, on the 21st day, when the chick began' 
pecking, the eggshell was artificially broken to assist 
hatching. The hatchability in such artificial hatching was 50 
to 60%. 

(Example 4) Serum scFv-Fc antibody assaying by ELISA 
30 The GO transgenic chimeric chicks born in Example 3 were 

fed to grow. After one week, blood samples were collected from 
the grown male chicks (individual identification numbers: # 
1111, #3108 and #4102) via the vein under the wing. Each blood 
sample obtained was centrifuged at 15,000 rpm for 10 minutes, 
35 and the serum obtained as the supernatant was assayed for 



scFv-Fc antibody titer. 

An anti-human IgG antibody (product of Cosmo Bio Co., 
Ltd.) diluted with PBS was distributed in 100-pg portions into 
wells of an ELISA plate, followed by overnight standing at 4°C. 
5 Each well was washed with three 200-pl portions of a 0.05% Tween 
20 solution in PBS and then 150 pi of PBS-0.05% Tween 20 to 2% 
skimmed milk was added to each well. 

After 2 hours of standing at room temperature, each well 
was washed with three 200-pl portions of PBS-0.05% Tween 20, 

10 and 120 pi of the blood sample collected was added thereto, 
followed by overnight standing at 4°C. This ELISA plate was 
returned to room temperature, each well was washed with three 
portions of the PBS-Tween 20 solution, 100 pi of peroxide 
(POD) -labeled anti-human IgG antibody (product of Cosmo Bio Co . , 

15 Ltd.) diluted with PBS-0.05% Tween 20 was added to each well, 
and the plate was allowed to stand at room temperature for 1 
hour . 

Each well was washed with four portions of PBS-0 . 05% Tween 
20, and 100 pi of a color developer solution (prepared by 

20 dissolving 10 mg of o-phenylenediamine (product of Katayama 
Chemical Industries Co., Ltd.) in 1 ml of methanol, making the 
volume to 100 ml with distilled water and adding 10 pi of an 
aqueous hydrogen peroxide solution (product of Wako Pure 
Chemical Industries Ltd . ) ) was added to each well . The reaction 

25 was terminated by adding 50 pi of 8 M sulfuric acid to each well, 
the fluorescence intensity at 490 nm was measured using a plate 
reader, and the concentration was determined based on a standard 
working curve. The mean of the antibody concentrations in the 
samples obtained from three quails or chicks was reported as 

30 the result. 

The standard antibody (product of Cosmo Bio Co., Ltd.) 
for standard working curve construction was diluted with 50% 
egg yolk-PBS (w/v) . 

The standard working curve was constructed using purified 

35 scFv-Fc. The vector construct pMSCV/scFv-Fc constructed in 
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Example 1 was introduced into GP293 cells by the lipofection 
technique, and the culture supernatant derived therefrom was 
centrifuged (4°C, 10 minutes, 3,000 rpm) to remove the solid 
matter. While cooling and stirring this supernatant, ammonium 
5 sulfate finely ground to 50% saturation was gradually added (313 
g ammonium sulfate/1, 000 ml of water) for protein precipitation. 
This was allowed to stand overnight at 4°C and then centrifuged 
at 15, 000 rpm and at 4°C for 10 minutes to cause the precipitate 
to wholly settle. The precipitate was dissolved in a small 

10 amount of PBS. The solution was dialyzed against 2 L of PBS 
three times to remove ammonium sulfate. 

A protein G column for purification (product of NGK 
INSULATORS LTD.) was initially washed with 10 mL of Binding 
Buffer (NaHP0 4 -2H 2 0 1.56 g/1, NaHP0 4 -12H 2 0 7.16 g/1) , 10 ml of 

15 Wash Buffer (acetic acid 20%, distilled water 80%) and 10 ml 
of Binding Buffer in that order (flow rate 2 ml/minute) . A 
solution of the protein dissolved in PBS was passed through the 
column at 1 ml/minute for scFv-Fc to be adsorbed on the column. 
Unnecessary proteins were removed by passing 20 ml of Binding 

20 Buffer at 1 . 7 ml/minute, and the scFv-Fc was eluted by passing 
Elution Buffer (glycine 7.507 g/adjusted to pH 2 . 5 to 3 . 0 with 
1.2 N HC1) at 1.5 ml/minute. 

Each eluate fraction was dialyzed against PBS (2 L) three 
times and the thus-purified scFv-Fc was assayed for protein 

25 concentration based on the absorbance at the wavelength 280 rim. 
The blood antibody levels in the three male GO transgenic 
chimeric chicks born in Example 3 (individual identification 
numbers #1111, #3108 and #4102) are shown in Table 1. 



Table 1 


Individual Id. No. 


Blood antibody level 


#1111 


1 . 6mg/mL 


#3108 


1 . 6mg/mL 


#4102 


1 . 5mg/mL , 



35 
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(Example 5) Confirmation of the transgene in sperm by PCR 
The three male GO transgenic chimeric chicks born in 

Example 3 (individual identification numbers #1111, #3108 and 

#4102) were fed and grown, waiting for sexual maturation. After 
5 6 months, 0.2 mL of sperm was collected from each of the grown 

male transgenic chimeric chickens by abdominal massage. 

The transgene was confirmed by the PCR method using 50 

ng of the genomic DNA extracted from each collected sperm sample 

using a kit (product of Toyobo Co., Ltd., 
10 MagExtractor-genome-) . 

A set of primers enabling amplification of a part (393 

bp) of the scFv gene fragment contained in the transgene: 

5' -GTCTTATTAGCGGTGCTGGTAGTAGCACAA-3' (SEQ ID 

NO: 11) /5' -GAGACTTCTGCTGGTACCAGCCATA-3' (SEQ ID NO: 12) and a 
15 set of primers enabling amplification of a part (311 bp) of the 
GFP gene contained in the transgene: 
5 ' -AGCTCACCCTGAAATTCATCTGCACCACTG- 3 ' (SEQ ID 

NO: 13) /5' -GTTGTATTCCAGCTTGTGGCCGAGAATGTT-3' (SEQ ID NO: 14) 
were used in the PCR. 

20 (Example 6) Construction of Gl transgenic chickens by mating 
A male GO transgenic chimeric chicken (#4102) in which 
the transgene had been detected in the sperm in Example 5 was 
allowed to mate with three wild type females (white Leghorn) , 
and fertilized eggs were obtained. 

25 These fertilized eggs were incubated in a 37.9°C and 65% 

humidity environment in an incubator (Showa Furanki model 
P-008) with a built-in automatic egg-turning device and, on the 
21st or 22nd day, chicks were born. These chicks were fed for 
a week and lOO-pl blood samples were collected from the vein 

30 under the wing. The serum was separated from each blood sample 
and the antibody level in the serum was determined by the ELISA 
method described in Example 4. Further, the genome was 
extracted from each blood sediment obtained by centrif ugation 
by the method described in Example 5, and the transgene was 

35 confirmed by the PCR method. 
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A set of primers enabling amplification of a part (355 
bp) of the GFP gene contained in the transgene: 
5 ' -CAACACTGGTCACTACCTTCACCTATG-3 ' (SEQ ID 

NO: 15) /5' -ACGGATCCATCCTCAATGTTGTGTC-3' (SEQ ID NO: 16) were 
5 used in the PCR. As an internal standard, a set of primers 
enabling amplification of a part (317 bp) of the ovalbumin gene 
contained in the chicken genome: 
5' -CGCTTTGATAAACTTCCAGGATTCGG-3' (SEQ ID 

NO: 17) /5' -CATCTAGCTGTCTTGCTTAAGCGTACA-3' (SEQ ID NO: 18) were 
10 used. 

As a result of transgene testing in 110 chicks, the 
transgene was detected in 5 chicks- The genome was extracted 
from each organ of a Gl individual that had accidentally died, 
and the genome was subjected to transgene confirmation testing 
15 by PCR. 

(Example 7) Confirmation of the transgene in each organ in Gl 
Since one of the Gl individuals constructed in Example 
6 and confirmed to have the transgene in the genome extracted 
from the blood accidentally died, the stomach, liver, kidney, 
20 intestine and muscle were excised, and the genome was extracted 
from each organ by the method described in Example 6 and 
subjected to transgene confirmation testing by the PCR method 
(Fig. 2) . 

The results obtained positively proved that this 
25 individual was a Gl individual carrying the transgene in each 
organ in the body. 

The blood scFv-Fc antibody levels in the blood samples 
from the five Gl chicks were determined by the method described 
in Example 4 . In three chicks among them, the antibody 
30 expression level was 1 mg/mL. 

It was thus revealed that this method makes it possible 
to construct perfect Gl transgenic chickens capable of 
expressing a transgene-due scFv-Fc antibody and carrying the 
transgene in all somatic cells. 
35 (Example 8) Gl chromosome analysis by FISH 




The 77th chick that had hatched in Example 6 was found 
to be a Gl transgenic chick (female) by the PCR testing described 
in Example 6. This Gl is given the individual number #77. In 
the same manner, the 103rd chick was found to be a Gl transgenic 
5 chick (male) by the PCR method (individual number #103) . 

Blood samples were collected from these two Gl chicks via 
the vein under the wing, and lymphocytes were separated from 
2 mL of each blood sample by the Ficoll-Hypaque method and 
cultured in a 5% C0 2 atmosphere at 37°C using RPMI 1640 

10 supplemented with a mitogen (concanavalin A, product of Cosmo 
Bio Co., Ltd.) , mercaptoethanol (product of Wako Pure Chemical 
Industries Ltd.) , kanamycin sulfate (product of Cosmo Bio Co., 
Ltd.) and 18% FBS (product of Invitrogen Corporation) . Several 
hours prior to chromosome specimen preparation, BrdU 

15 (5-bromodeoxyuridine, product of Merck Ltd.) was added to the 
medium, colcemid (product of Merck Ltd. ) was further added and, 
after 1 hour, cells were recovered, treated with a hypotonic 
solution and fixed with a fixative solution (methanol : acetic 
acid =3:1) to give a specimen. 

2 0 Each chromosome specimen prepared was dried for several 

days, stained with Hoechst 33258 (product of Merck Ltd.) and, 
after UV treatment and drying, analyzed by FISH. A probe DNA 
(pMSCV/scFv-FcABamHI ) was labeled with biotin (product of Cosmo 
Bio Co. , Ltd. ) , and a goat anti-biotin antibody/ FITC-anti-goat 

25 IgG system was used for the detection reaction, imaging was 
effected using a fluorescence microscope (Leica DMRA system) , 
and analysis was performed using an image analyzer (Leica 
550CW-QFISH software) . 

The probe DNA (pMSCV/scFv-FcABamHI ) was prepared by 

30 excising a BamHI-BamHI fragment (1.57 kb) from pMSCV/scFv-Fc 
of Example 1 by restriction enzyme treatment and labeling with 
biotin in the conventional manner. 

The thus-obtained results of FISH analysis of #77 and #103 
are shown in Fig. 3. It was revealed from these results of FISH 

35 analysis that the #77 individual was a Gl carrying two copies 



26 



of the transgene as inserted in the microchromosome and that 
#103 was a Gl transgenic chick carrying one copy of the transgene 
as inserted in the long arm of the third chromosome, 
(Example 9) Construction of G2 transgenic chickens by mating 
5 The Gl #77 individual (female) of Example 8 was mated with 

a wild type male (white Leghorn) and the #103 individual (male) 
with a wild type female (white Leghorn) , and the fertilized eggs 
obtained were allowed to hatch. The genome was extracted from N 
plasma of each chick by the method of Example 5 and analyzed 
10 as to the presence or absence of the transgene by the PCR method; 
thus, each chick was tested as to whether it was a G2 transgenic 
chick . 

Since #77 was a Gl carrying 2 copies of the transgene in 
one of the chromosomes, it was expected from the probability 

15 viewpoint that three fourths of chicks born as a result of mating 
with a wild type be transgenic. One fourth ought to be G2 chicks 
carrying two copies of the transgene, like the Gl parent, and 
two fourths to be G2 chicks carrying only one of the transgene 
copies which the Gl parent had. 

20 Upon actual examination of the chicks that had hatched, 

it was found that 14 out of 20 chicks were G2 transgenic ones, 
namely that G2 chicks had been born roughly with a frequency 
expected from the probability viewpoint. 

In the same way, the chicks born from mating of Gl #103 

25 with a wild type were tested by the PCR method. Since #103 was 
a Gl carrying one copy of the transgene, it was anticipated that 
G2 chicks should appear with a probability of 1/2. The results 
of actual testing showed that 22 out of 43 chicks were G2 
transgenic. Thus, it was found that G2 chicks as expected from 

30 the probability principle can be born from transgenic Gl 

chickens constructed in accordance with the present invention. 

The G2 chicks constructed were raised, and the antibody 
levels in eggs laid by females and the expression levels in blood 
in the females were measured by the method of Example 4. The 

35 blood antibody expression levels in G2 individuals (6 months 
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of age), which were offspring of Gl #77 and #103, are shown in 
Table 2 and Table 3, respectively, and the antibody expression 
levels in eggs laid by 6-xnonth-old G2 females born from #77 are 
shown in Table 4. 



25 
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Table 2 

Blood scFv-Fc antibody levels in G2 from #77 





Individual Id. No. 


Blood antibody level 








#77-3 


0. 63mg/mL 






10 


#77-5 
#77-22 


0. 58mg/mL 
0. 75mg/mL 








Table 3 










Blood scFv-Fc 


antibody levels in G2 from #103 


15 


Individual Id. No. 


Blood antibody level 








#103-3 


0. 35mg/mL 








#103-8 


0. 42mg/mL 








#103-16 


0. 38mg/mL 






20 


Table 4 










scFv-Fc antibody levels in eggs laid by G2 


from 




Individual Id. No. 


Antibody level 
in egg white 


Antibody level 
in egg yolk 






#77-12 


0. 57mg/mL 


0. 33mg/mL 
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While Gl #77 showed a blood antibody level of 0.5 to 0.8 
mg/mL, the G2 chicks born as a result of mating thereof with 
a wild type showed nearly the same blood antibody levels, as 
shown in Table 2. While Gl #103 showed a blood antibody level 
of 0.3 to 0.5 mg/mL, the G2 chicks born as a result of mating 
thereof with a wild type showed almost the same blood antibody 
levels, as shown in Table 3. Further, in the case of the G2 
female from #77 which gave an average antibody expression level 
in egg white of 0.3 mg/mL, the antibody was expressed in the 
egg white in eggs therefrom at almost the same levels, as shown 
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in Table 4. 

These results demonstrated that the transgenic chicken 
of the invention will not undergo gene silencing even through 
a number of generations and, when an increased number of 
5 offspring produced from that transgenic by mating are used, they 
can be applied as a low-cost protein production factory* 

INDUSTRIAL APPLICABILITY 
The Gl transgenic bird of the invention and offspring 
10 thereof can express efficiently and without inactivation a 
foreign gene introduced by means of a highly safe, 
replication-deficient retroviral vector. 

The Gl transgenic bird of the invention carries the 
transgene in all somatic cells, allows stable protein 
15 expression on the individual level and, as an established line, 
can become a stably protein source. 

Further, the method for constructing transgenic birds 
according to the invention makes it possible to safely and 
efficiently construct Gl transgenic birds and, further, G2 and 
20 G3 transgenic birds as offspring thereof. 

The Gl, G2, G3 and subsequent generation transgenic birds 
of the invention express a foreign gene-due protein in somatic 
cells and, when the protein is recovered and purified from serum, 
egg white and/or egg yolk, an inexpensive production system for 
25 sugar chain-carrying proteins, which have so far been difficult 
to produced, or antibodies can be provided. 
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